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METHOD FOR MANAGING A FOREIGN MOBILE SUBSCRIBER IN VLR OF A 

MOBILE SWITCHING CENTER 



This application makes reference to and claims all benefits accruing under 35 
U.S.C. Section 119 from an application for METHOD FOR MANAGING A FOREIGN 
MOBILE SUBSCRIBER IN VLR OF A MOBILE SWITCHING CENTER filed earlier in 
the Korean Industrial Property Office on September 17, 1999 and there duly assigned Serial 
No. 40018/1999. 



1. Field of the Invention 

The present invention relates generally to a method for managing a roaming 
subscriber in a VLR (Visitor Location Register) of a mobile switching center. More 
particularly, the present invention relates to a method for managing a foreign mobile 
subscriber in the VLR of a mobile switching center. 

2. Description of the Related Art 

In general, a mobile switching center (MSC) includes a first database for storing 
location information and the call details of a mobile terminal. The MSC is also connected 
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to a second database in which information about a subscriber registered in its mobile 
communication service is stored. The first database in the MSC for storing the location 
information and the call details of the mobile terminal is called a VLR (Visitor Location 
Register), and the second database for storing subscriber information for the service of the 
MSC is called an HLR (Home Location Register). A network structure including such 
databases will be described with reference to FIG. 1 . 

FIG. 1 illustrates an MSC network structure including the VLR and the HLR. The 
structure and operation of the MSC network will be described below with reference to FIG. 
1. 

A mobile communication system includes MSCs, VLRs included in the respective 

MSCs, and an HLR having information about the subscribers registered in the MSC service 

provider. Each BSC is connected to a plurality of base station controllers (BSCs), and each 
A 

BSC is connected to a plurality of base transceiver stations (BTSs). The BTSs are divided 
into their unique areas and perform radio communication with the mobile terminals of 
subscribers located in their areas. Therefore, a plurality of MSCs 100 and 200 are 
connected to one HLR 300, and each MSC includes its own VLR. 

As shown in FIG. 1, the MSC 200 is connected to the BSCs 20-22, and the BSC 21 
is connected to the BTSs 10-12. The BTS 10 performs communication with mobile 
terminals A11-A13 located in the area A. The BTS 11 performs communication with 
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mobile terminals B11-B13 located in the area B. The BTS 12 performs communication 
with mobile terminals C11-C13 located in the area C. Furthermore, the respective MSCs 
100 and 200 are connected a public switched telephone network (PSTN) 400 or an Internet 
network 500 for communication with them. 

5 

The mobile communication service provider establishes the BTSs, taking into 
consideration of the call quality and the number of the subscribers. Therefore, there is a 
Q case where a greater number of BTSs are established in a specific area while a smaller 
^ number of BTSs are established in another area. In this case, the area in which a smaller 

!t 10 number of BTSs are established may have a non-serviceable zone. Hence, when a specific 

y I 

if] subscriber is located in the non-serviceable area, the subscriber is unable to make a call 

q connection. 

! JLJ 

; 3 In order to circumvent the problem of subscribers being unable to make call when 

15 outside the serviceable area, different mobile communication service providers sometimes 
have an agreement between them to provide a roaming service so as to provide the 
subscriber's terminals of the other service providers with the communication service. 

For example, referring to FIG. 1, if the subscriber B12 located in the area B is not 
20 registered in the HLR 300 but registered with another service provider, which has made an 
agreement on the roaming service with the service provider of subscriber B12, then the 
subscriber B12 can reasonably receive communication service via the service provider of 
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the other company. This will be described below from the viewpoint of the VLR 250. 

The mobile terminal uses a prescribed mobile subscriber identification number 
system, called "IMSI (International Mobile Subscriber Identification)", for location 
registration. The IMSI number system is classified as shown in Table 1 below. 



[Table 1] 



MCC 


MNC 


MIN 


PLMN 


PFX 


Random No. 


3 Digits 


2 Digits 


3 Digits 


3 Digits 


4 Digits 



As shown in Table 1, the IMSI system is comprised of a mobile country code 
(MCC), a mobile network code (MNC), and a mobile station identification number (MIN). 
The MIN is comprised of a public land mobile network (PLMN) which is a service 
provider's number, a prefix PFX which is an office number, and a random number which is 
an individual identification number. That is, the mobile terminal performs location 
registration by transmitting the above 15-digit information to the BTS, and can receive the 
service from the service provider of another company. 

However, not all the data provided from the mobile terminal is used when 
registering the data in the VLR. This will be described with reference to FIG. 2. 
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FIG. 2 is a table diagram for explaining a location registration and the search 
routine of a mobile terminal in the VLR according to the prior art. The location registration 
and the search routine of the mobile terminal will be described in detail below with 
reference to FIGS. 1 and 2. 

5 

Up until now, the national mobile communication service providers have not 
^ provided the roaming service to a foreign (i.e. internationally based) mobile communication 
service providers. Therefore, when a unique identification number of the mobile terminal is 
received at the VLR according to the IMSI system, it is determined whether the subscriber 
10 is a national subscriber, depending on the MCC and the MNC. When the subscriber is not a 
national subscriber, the corresponding data is discarded. 

However, when the subscriber is a national subscriber, depending on the 3 -digit 
PLMN, the VLR determines whether the subscriber is its own service subscriber or a 
15 roaming service subscriber. First, for the received PLMN data, a prefix index value is 
checked using a prefix table. That is, as shown in FIG. 2, an index "0" is assigned to a 
prefix "Oil," an index "1" to a prefix "012" and an index "2" to a prefix "013." 

When the MSI number received from the mobile terminal is "450 00 011 123 
20 1234", the frfl s PliMNC number "450 00" is discarded and then the index number is 
searched using the number "011." As shown in FIG. 2, the number "011" corresponds to 
the index number "0." Accordingly, a method for searching subscriber data from the index 
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table using the searched index number "0" for the number "OH" can be calculated in 
accordance with Equation (1) below: 

LDN = (Index Value) x 10000000 + (PFX random No.) (1). 

5 

If this is substituted into Equation (1), then LDN = "0*10000000 + 1234567." 
Therefore, a value "01234567" is obtained by performing the calculation. The 
corresponding data is searched from the INDEX-0 area of FIG. 2 using the subscriber's 
|2 phone number. Alternatively, when the IMSI number received from the mobile terminal is 

!tj 10 "450 00 012 123 1234", the index number becomes "1" in the above method, and a value 
Ij "11234567" is obtained by performing the calculation of Equation (1). The VLR of the 

Q existing mobile communication system manages the mobile subscribers using this method. 

! 3 It is possible to use such a method when providing the communication service to 

15 national (or domestic) subscribers only. However, when providing the roaming service to a 
subscriber of a foreign service provider as frequently requested these days, it is not possible 
to manage the data utilizing the present method. In order to solve this problem, the service 
provider needs to change the overall existing system, which, however, requires enormous 
expense. 

20 
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SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a method for managing 
a foreign mobile subscriber, while maximally maintaining the VLR structure of the existing 
mobile communication system and minimizing a modification of the system design. 

To achieve the above and other objects, there is provided a method for managing a 
foreign mobile subscriber in a visitor location register (VLR) of a mobile switching center 
(MSC) to provide a roaming service. 

In an embodiment of the invention, a method for managing a foreign mobile 
subscriber in a visitor location register (VLR) of a mobile switching center (MSC) to 
provide a roaming service, comprising the steps of: 

(a) upon receipt of a call request from a mobile terminal, determining whether a 
subscriber of the mobile terminal is a foreign mobile subscriber by checking a mobile 

Ckcc) 

country code "(MMQ. and a mobile network code (MNC) of an international mobile 
subscriber identification (IMSI) number received from the mobile terminal; 

(b) determining whether a number of the mobile country code country for which 
roaming service is established by checking if the country code received from the foreign 
mobile subscriber exits in a country code index table of the VLR when the subscriber in 
step (a) is determined to be a foreign mobile subscriber; 

(c) determining whether the service provider of the foreign mobile subscriber is a 
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roaming service provider by checking a service provider index table after determining that 
roaming service for a country of the foreign mobile subscriber is established by checking 
the country code identified in step (b); and 

(d) providing service to the foreign mobile subscriber while managing the 
corresponding number in the order of the country code index table number, the service 
provider index table number and a mobile station identification number (MIN) after 
determining that the service provider of the foreign mobile subscriber is a roaming service 
provider identified in step (c). 

In an aspect of the above embodiment, step (b) includes not providing service by 
discarding the call request from the foreign mobile subscriber when the country code of the 
foreign mobile subscriber does not exist in the country code index table. 

According to the invention, upon receipt of a call request from a mobile terminal, 
checking a mobile country code folM C) and a mobile network code (MNC) of an 

A 

international mobile subscriber identification (IMSI) number received from the mobile 
terminal, determining whether a subscriber of the mobile terminal is a foreign mobile 
subscriber; checking, when the subscriber is a foreign mobile subscriber, a country code 
index table of the VLR to determine whether there exists a number of the country for which 
the roaming service is established; checking, when there exists the number of the country 
for which the roaming service is established, a service provider index table to determine 
whether the service provider is a roaming service provider; and providing, when the service 
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provider is a roaming service provider, the service while managing the corresponding 
number in the order of the country code index table number, the service provider index 
table number and a mobile station identification number (MIN). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention will 
become more apparent from the following detailed description when taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 is a diagram illustrating a MSC network structure including the VLR and the 

HLR; 

FIG. 2 is a table diagram for explaining a location registration and the search 
routine of a mobile terminal in the VLR according to the prior art; 

FIGS. 3A to 3C are detailed block diagrams illustrating the MSC and the VLR; 

FIG. 4 is a flow chart illustrating the procedure performed when a foreign mobile 
subscriber requests a call according to the embodiment of the present invention; and 

FIG. 5 is a signal flow diagram illustrating the procedure for storing roaming 
service data in the VLR of the MSC according to the embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be described herein below 
with reference to the accompanying drawings. For the purpose of clarity, well-known 
functions or constructions are not described in detail as they would obscure the invention in 
unnecessary detail. 

FIGS. 3 A to 3C illustrate a detailed block diagram of an MSC and a VLR connected 
thereto. The structure and operation of the MSC and the VLR will be described in detail 
below with reference to FIG. 3. 

The MSC 100 is comprised of a subscriber unit 30, a No. 7 signaling processor 40, a 
trunk unit 60, an operating/managing unit 70, and a central unit 50 including a space switch 
102. 

First, the structure and operation of the MSC 100 will be described. 

A description of the structure and operation of the central unit 50 will first be made. 
The central unit 50 includes a plurality of data links 101 through which data exchange is 
performed among the subscriber unit 30, the No. 7 signaling processor 40, the trunk unit 60 
and the operating/managing unit 70. Moreover, the space switch 102 performs a switching 
operation for connecting a call. A network synchronizer (NS) 103 generates a sync 
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(synchronization) signal and provides the generated sync signal to each part of the MSC. A 
space switch controller (SSC) 104 controls a switching operation of the space switch 102, 
and an internal network controller (INC) 106 controls the connection with processors of 
respective controllers connected to a bus 109. A data link controller (DLC) 107 controls 
the respective data links 101, and a network sync controller (NSC) 108 controls the 
network synchronizer 103 to normally output a clock. An IPC (Inter-Processor 
Communication) link 110 controls inter-processor communication performed between the 
respective processors, and can transmit/receive data under the control of a link controller 
(LC) 117. Furthermore, a gate controller (GC) 116 controls data exchange between the bus 
109 and the IPC link 110, and a number translator (NT) 132 translates a number that the 
roaming subscriber or the normal subscriber has dialed, and then performs routing. 

A description of the structure and operation of the subscriber unit 30 will now be 
made. BSC connectors (BSC_CNTR) 105 provide interfacing with the BSCs, and BSC 
connection controllers (BSC_CC) 113 control the BSC connectors 105. Further, a main 
controller (MC) 112 controls the overall operation of the subscriber unit 30, and a 
maintenance block (MB) 114 maintains the subscriber unit 30. A switch processor (SP) 115 
controls a time switch 111, and the time switch 1 1 1 is connected to the central unit 50 and 
performs a data exchange operation. A gate controller (GC) 116 controls data to be loaded 
on the bus 109. 
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A description of the structure and operation of the No.7 signaling processor 40 will 
now be made. The No. 7 signaling processor 40 includes a time switch 111, a main 
controller 1 12, a maintenance block 1 14, a gate controller 1 16, an STG (Signaling Terminal 
Group) controller (STG_CTRL) 118 for controlling No. 7 signal processing, a plurality of 
5 STGs (120) for performing No. 7 signal processing, and an STN (Signaling Terminal 
Network block) 1 19 for performing data exchange between the STG controller 118 and the 
STGs 120. 

Q 

i!p A description of the structure and operation of the trunk unit 60 will now be made. 

[¥' 10 The trunk unit 60 includes a time switch 1 1 1, a gate controller 116, a switch processor 115, 
a main controller 112, a maintenance block 114, a bus 109 for connecting the above-stated 
^ processors, trunks 121 for connecting with other networks, and network connectors (NCs) 

u 122 for controlling the associated trunks 121 . 

iB 

15 Finally, a description of the structure and operation of the operating/managing unit 

70 will be made. A gate controller 116 controls data exchange between the central unit 50 
and the operating/managing unit 70. Moreover, the gate controller 116 controls inter- 
processor communication through the bus 109 included in the operating/managing unit 70. 
An OMP (Operating Maintenance Processor) 125 stores data for maintaining and managing 

20 the MSC 100 in magnetic tapes (MTs) 129 or disks 130. Further, an MMP (Man-Machine 
Processor) 126 is connected to a plurality of externally connected CRTs (Cathode Ray 
Tubes) 131 and processes a received operator's command. Externally connected 
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controllers (ECC) 127 perform data exchange with other external devices through a data 
link (DL) 128. 



Next, the structure and operation of the VLR 150 will be described. The VLR 150 is 
5 connected to the MSC 100 through the IPC link 1 10 of the central unit 50, and exchanges 
data with the IPC link 110 through a gate controller 116. The gate controller 116 included 
in the VLR 150 is connected to the IPC link 1 10, and the IPC link 1 10 transmits data under 
q the control of the link controller 117. Further, the data loaded on the IPC link 1 10 is output 

: E_j 

\J\ to respective visitor managers (VM) 123 through the different gate controllers 116. 

P 10 Through this, the visitor managers 123 read the data stored in registers 124 and perform the 

;^ corresponding operations. 



: =r 
. f* 

u FIG. 4 illustrates a method for managing a foreign mobile subscriber according to 

Q an embodiment of the present invention, when the foreign mobile subscriber requests a call. 

:=% 
: \ 

15 

Now, with reference to FIGS. 1 and 3, a detailed description will be made of a 
procedure for establishing a call to the foreign mobile subscriber and a method for 
managing data in the VLR according to an embodiment of the present invention. The 
embodiment of the present invention will be described with reference to the MSC 100 on 
20 the assumption that data is stored in the VLR 150. 
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The MSC 100 maintains an idle state in step 600, and proceeds to step 602 when a 
specific event occurs. The MSC 100 determines in step 602 whether the event is a service 
request for a roaming subscriber of a mobile terminal, by checking the IMSI number 
transmitted from the mobile terminal. That is, when the event is a call processing request 
5 signal from the BTS and it is determined by the BTS or BSC that the mobile subscriber is a 
foreign mobile subscriber, the corresponding data is transmitted for IMSI number checking. 
When the event is a roaming subscriber's call in step 602, the MSC 100 proceeds to step 
□ 606. Otherwise, the MSC 100 proceeds to steps 604 to perform other operation and then 

lip returns to step 600. In step 606, the MSC 100 checks the MCC number and the MNC 

: 93 

=P 10 number of the IMSI number received from the BTS. This is to verify whether the results 

iJ! 

;~ determined as the roaming subscriber's call by the BTS or the BSC are correct or not. 

|U However, when the IMSI number is directly received at the MSC 100 without verification 

(1 of the roaming call from the BTS or the BSC, the step 602 can be skipped. 

. s» 

: ( 

15 When the subscriber is determined as a foreign subscriber in step 608 as the result 

of checking the MCC and MNC numbers, the MSC 100 proceeds to step 614, and when the 
subscriber is not a foreign subscriber, the MSC 100 proceeds to step 610. In step 610, the 
MSC 100 checks the succeeding PLMN number. According to the check results, the MSC 
100 determines whether to process the call in the corresponding index as described with 

20 reference to FIG. 2. Otherwise, when the subscriber is a foreign subscriber, the MSC 100 
determines in step 614 whether there exists an index according to the MCC and MNC 
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check results. When there exists the corresponding index, the MSC 100 proceeds to step 
616. Otherwise, the MSC 100 proceeds to step 622 to perform error processing. 

Here, a detailed description will be made of a method for searching an index of the 
foreign subscriber. 

In the registers 124 of the VLR 150, a memory area assigned to the numbers for 
managing the subscribers is 2 32 . Therefore, an integer permitted by the registers 124 of the 
VLR 150 should be in a range between -2147483648 and 2147483647. Therefore, a 
number of 1 to 20 can be used as a prefix for searching the index, so that it is possible to 
provide a roaming service in connection with 20 foreign service providers. In addition, a 
table stored in the VLR 150 of FIG. 1 further includes one prefix index according to the 
present invention. Such a prefix index is shown in Table 2 below. 



[Table 2] 



PFX 


INDEX 


45212 


0 


32145 


1 
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The number used for the prefix PFX becomes the MCC number and the MNC 
number shown in Table 1. By using the MCC number and the MNC number, an index table 
for the country code is further included. That is, when there exists a country code in the 
index of Table 2, the MSC 100 proceeds to step 616, and otherwise, proceeds to step 622. 
In step 622, the MSC 100 performs error processing on the call, i.e., does not process the 
call. However, in step 616, the MSC 100 checks the index table according to PLMN. Such 
an index table for PLMN is shown in Table 3 below. 



[Table 3] 



PFX 


INDEX 


016 


0 


018 


1 






111 


9 



That is, such a PLMN table is checked in order to determine whether the number is 
a number of the service provider which has set the roaming service to the corresponding 
country. That is, the MSC 100 request the VLR 150 to check the PLMN. Thereafter, the 
MSC 100 determines in step 618 whether there exists an index in the service provider table 
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of Table 3. In addition, when the existing register is used as stated above, the index table 
has a value of 0 to 9 according to the range of integer. 

When there exists an index, the MSC 100 proceeds to step 620, and otherwise, 
proceeds to step 622 to perform error processing. In step 620, the MSC 100 performs the 
roaming subscriber's service in the corresponding index. 

A description of the invention will be made with reference to a case where the IMSI 
number of the mobile terminal is "321 45 018 123 4567". Upon receipt of the number from 
the mobile station, the MSC 100 checks a country code through the visitor manager 123 of 
the VLR 150. That is, the MSC 100 determines whether the number "321 45" exists in the 
foreign country code index table shown in Table 2. Since the foreign country code index 
table has the index code 1 for the number "321 45", the MSC \00 checks the next number 
"018". Since there exists the index number 1 for the number "018", the MSC 100 performs 
the service for the number and processes the service in the corresponding index table. 
Therefore, the foreign subscriber's address for the above number is "1 1 123 4567". 

FIG. 5 illustrates a procedure for storing the roaming service data in the VLR of the 
MSC according to an embodiment of the present invention. 

With reference to FIG. 5, the user logs the operator in the CRT 131 in step 700, and 
inputs a command for changing the table R_MCC_LIST of Table 2 and Table 3 in step 702. 
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Such changing includes inputting new data, and updating and deleting the input data. Upon 

*J' receipt of the change command, the CRT 131 transmits to the MMC 126 the operator's 

. v., , class together with the corresponding command. The MM6 126 then checks the operator's 

* class and determines in step 710 whether the operator's class is an accessible class. When 

W a 

i> Ao^5 the operator's class is an accessible class, the MM€r 126 transmits an approval message to 

KiyK the CRT 13 U Through this, the CRT 131 transmits the table R_MCC_LIST input by the 

«^'V»V operator to the MMG 126 in step 706. The MMC 126 then transmits corresponding update 

i3 command data to the visitor manager 123 of the VLR 150. The visitor manager 123 then 
•fl 

it? updates the previously stored data of the table R_MCC_LIST in step 720, and transmits the 

^i*. io resulting data to the }»flrf€ 126. The MM€ 126 then transmits the update result to the CRT 

\ ;= 131, and the CRT 1 3 1 displays the received update result on the screen in step 708. 



:° 
in 

Q 



As described above, the novel method can provide a roaming service to the foreign 
mobile subscriber and manage the foreign mobile subscriber by adding a table for searching 
15 the prefix and a corresponding search routine, while maintaining the database in the 
register. 

While the invention has been shown and described with reference to a certain 
preferred embodiment thereof, it will be understood by those skilled in the art that various 
20 changes in form and details may be made therein without departing from the spirit and yjr 
scope of the invention as defined by the appended claims. 
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